The geometry of supermanifolds provided with a Q-structure (i.e. with an odd vector field Q satisfying {Q, Q} = 0), a P-structure (odd symplectic structure) and an S-structure (volume element) or with various combinations of these structures is studied. The results are applied to the analysis of the Batalin-Vilkovisky approach to the quantization of gauge theories. In particular the semiclassical approximation in this approach is expressed in terms of Reidemeister torsion.
O. Introduction
The Batalin-Vilkovisky formalism (BV-formalism) is based on a notion of an odd Poisson bracket (antibracket). The odd Poisson bracket of two functions F, G on the (super)space R n,'~ with even coordinates xl,..., x n and odd coordinates ~1,..., ~ can be defined by the formula
{F,G}-OF OzG OrF OG Ox a 0~
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(1)
The transformations of R n'n preserving the bracket (1) are called odd symplectic transformations or P-transformations. Volume preserving P-transformations are called SP-transformations. A manifold X pasted together from domains in R ~,n by means of P-transformations is called an odd symplectic manifold or a P-manifold. Replacing P-transformations by SP-transformations in this definition we get a notion of an SPmanifold. In a P-manifold X we have a notion of an odd Poisson bracket {F, G} of two functions on X; in an arbitrary coordinate system we can express {F, G} as
{F,G}= O~F ~. ozG
The 2-form aJ = dziaJij (z)dzJ is closed. (Here the matrix a~ij is inverse to coiJ.) The formula =
374
A. Schwarz determines an odd inner product in the space T~(X) of tangent vectors to X at the point z E X. A Lagrangian submanifold L of X is by definition a (k, n -k)dimensional submanifold of X, where the form co vanishes (i.e. co(~, ~) = 0 for all pairs ~, ~of tangent vectors ~, ~ c T~ (L)). In other words L is a (k, n-k)-dimensional isotropic submanifold of X. The volume element in an SP-manifold X generates a volume element u in every tangent space Tz(X ), i.e. a function u(el,... , e2~ ) satisfying u(~l,..., ez~) = det a. u (el,... , e2n ) . (Here el,... , e2~ and ~1, ' " " ' e2n are bases of T z (X) connected by the formula ~' = aJej.). One can define a volume element ,k in an Lagrangian manifold L C X; namely if el,..., e~ is a basis of TzL we take A(el,... ,en ) =r ,fl,...,fn)l/2, where fl,..., f,~ satisfy co(e~, fJ) = 6 j. We will assume always that all manifolds under consideration are compact. Let us define an operator A on an SP-manifold X by the formula
where the divergence is determined by the volume element in X and K~ = coiJO1H/OzJ. The Batalin-Vilkovisky approach to quantization of gauge theories is based on the consideration of the integrals having the form f H d~,
(
L where AH = 0 and L denotes the Lagrangian submanifold of X. It is proved in [1] that (2) does not change by a continuous deformation of L; more generally (2) does not change when L is replaced by another Lagrangian manifold L r from the same homology class; see [2] . (Saying that two submanifolds L and U of a supermanifold X belong to the same homology class we have in mind that their bodies re (L) and re(U) are homologous in the body re(X) of X). In physical applications the integrand H in (2) has the form H = exp(-h-lS}, where S is an extension of the classical action; the choice of the Lagrangian manifold L corresponds to the choice of the gauge condition. One of our aims is to calculate the asymptotic behaviour of f exp(-h-ls)d)~ r as h --+ 0 (semiclassical approximation). It is important to emphasize that the gauge condition (the choice of Lagrangian submanifold) will not enter directly into the answer. One of the possible expressions of the answer involves a generalization of the so-called Reidemeister torsion. The present paper is devoted to the case of finite-dimensional integrals; however one can develop a similar technique for infinite-dimensional integrals. This technique is based on the results about the infinitedimensional version of Reidemeister torsion (Ray-Singer torsion) proved in [4] . In particular it is useful for the calculation of anomalies in the BV-approach.
Our proofs are based on some general results about SP-manifolds and about Reidemeister torsion. These results are interesting independently of applications to the study of semiclassical approximation. One can consider the corresponding part of the present paper as the next step in the analysis of the geometry of BV-quantization after the paper [2].
The paper is organized as follows. In Sect. 1 we state the formula for semiclassical approximation in BV-formalism and give a proof of this formula. The proof is based
